We have measured tunnel conductance of spin-triplet superconductor Sr 2 RuO 4 (SRO) break junction which was made by micro fabrication technique with a focused ion beam. This is a new type of tunnel junctions made of SRO, which is different from those made of SRO and other materials. Since the tunnel conductance is sensitive to the internal phase of superconductivity, it enables us to examine the chiral p-wave pairing state, which is the most probable candidate of SRO. The tunnel conductance spectrum of the junction showed a broad zero-bias conductance peak whose shape is different from that of high-T c cuprate superconductors. The shape of the spectrum is in quite good agreement with the calculated spectrum of a chiral p-wave/insulator/normal metal junction. 
Introduction
A strontium ruthenate compound Sr 2 RuO 4 (SRO) is now believed to be the spin-triplet p-wave pairing superconductor with the superconducting transition temperature (T c ) of 1.5 K. The superconducting order parameter is represented by the so-called chiral p-wave state, such as p x +ip y [1] . Since this is rewritten to the form of exp(i), where  is a momentum-dependent phase of the pair potential, the internal phase of the pairing state in SRO is continuously changed from 0 to 2. This is different from the other anisotropic superconductors, for example, d-wave state of high-T c cuprates in which only two values of 0 or  (the plus or minus sign) are valid. Tunnel spectroscopy along a conducting plane is one of the most powerful methods to investigate anisotropy of the superconducting pairing state [2, 3] . Thus it is quite important to carry out tunnel junction experiment for SRO in order to verify the chiral p-wave state. So far, several in-plane tunnel junction experiments for SRO/other materials have been performed, such as SRO/Pt point contact [4] , and 3-Kelvin (3-K) phase/Ru [5, 6] junctions. Here the 3-K phase is the interface superconductivity between SRO and Ru inclusion in SRO-Ru eutectic system [7, 8] . In this paper, we show a new type of tunnel junction experiment using SRO break junction. The break junction was formed in a microbridge region which was made by micro fabrication technique with a focused ion beam (FIB) [9, 10] . We observed a widely distributed zero-bias conductance peak (ZBCP), which is in contrast to a sharp ZBCP observed in high-T c cuprate/insulator/normal metal junctions [2, 11] . We found that the shape of the conductance peak agrees with theoretical calculation of chiral p-wave/insulator/normal metal junction, which supports realization of the chiral p-wave state in SRO. 4 
Experimental
In this experiment, we used an SRO-Ru eutectic crystal grown in an infrared image furnace by the floating zone method [12] . The details of sample preparation before FIB process are shown elsewhere [13] . The sample neck between voltage-lead contacts was milled by FIB to make a microbridge where electrical resistance is dominated. To make c-axis path, two alternate parallel slits along c-axis were milled [10] . The microbridge region (2 m × 2.3 m wide in ab-plane, and 1 m length along c-axis as seen in Fig. 1(a) and 1(b)) was selected in Ru-inclusion free region by checking a scanning ion microscope (SIM) image. Some electrical shock or thermal shock induces a crack and forms a break junction (a dark rectangular region in Fig. 1(a) ) in the weak microbridge region. However, the formation condition of the break junction is not fully controllable at present. The tunnel conductance measurement was performed using a standard lock-in technique by AC modulation with an amplitude of 2 A rms . The sample was cooled down to 0.5 K using a 3 He cryostat, in which the sample was immersed in liquid 3 He directly.
Results and Discussion
The differential resistance at zero-bias current (R)-temperature (T) curve of this sample is shown in Fig. 2 . We note that the R is slightly decreased even below 1.5 K, the bulk T c , as seen in the inset of Fig. 2 . This means that the tunnel conductance at zero-bias current is increased below T c . Figure 3 shows the differential conductance-voltage (dI/dV-V) spectra normalized at 2.8 K. The widely distributed ZBCPs were clearly observed. The peak heights are 5 getting increased with lowering temperature reflecting the decrease of R. The important features of the shape of the dI/dV spectrum are not only a broad peak but also rather sharp dips at the edges of the peak (±0.96 mV at 0.60 K). These features were different from those of the high-T c cuprate (d-wave)/insulator/normal metal junction where the ZBCP is sharp and the dip is broad [2, 11] . In this experiment, the ZBCP was observed from higher temperature (~1. even in the anisotropic superconductor case (see Fig. 2 (a) in Ref. [2] ). However, calculated S/I/S spectrum shows a small peak at the energy of about 2 as well as a zero-bias peak (Fig. 4) . Thus, S/I/S calculation is difficult to fit to the experimental data. However, this value is 2-3 times larger than those obtained by scanning tunneling microscopy/spectroscopy (STM/S) experiments, which show  = 0.28-0.50 meV [19] [20] [21] . This discrepancy of the gap magnitude is not cleared at present.
One of the possible explanations that S/I/N configuration is fitted better than S/I/S
We note that we assumed the ab-plane (in-plane) tunneling in the above calculations due to the following reason. If the out-of-plane tunneling is dominant, the tunnel spectra should show the gap structures as seen in STM/S experiments [19] [20] [21] , which is 7 contrary to the experimental result. Thus we assumed in-plane tunneling, though it is difficult to check where the crack exactly lies with an atomic scale. To control and evaluate the break junction configuration quantitatively is a future problem.
Summary
We have measured tunnel spectra of 
